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Office 
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Washington, D.C.20231 
ETATS-UNIS D AMcnlQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
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International application No. 
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Applicant's or agent's file reference 
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International filing date (day/month/year) 
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Priority date (day/month/year) 

07 December 1998 (07.12.98) 


Applicant 

LEV, Arie et al 



1. The designated Office is hereby notified of its election made: 

|"x| in the demand filed with the International Preliminary Examining Authority on: 

06 July 2000 (06.07.00) 



| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

| | was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 




34, chemin des Colombettes 


Pascal Piriou 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


IB9902087 



"REATY 



riom tne 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORIiY 



To: 

FREIMANN, Daniel 
P.O. Rot 29814' 
51297 Tel-Aviv 
ISRAEL 



AOpllcanre uf ayerrt's Me reference 
2/6101 



international application nc 
PCT/1D99/020S7 



PCT 



COPY 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 



I j Date of maJimy 
I i (dan/month/y^er) 



19.03.2001 



IMPORTANT NOTIFICATION 



imamativnal filing date taay/month/yoar! 
07/15/1999 



| Prlonry cats (eay/irtontny»£r> 

'o//i2n99e 



Applicant 

3Y3TEL DEVELOPMENT AND INDUSTRIES LTD. et ai. 



, 1 The applicant ic hereby notltled that this International Preliminary Examining Authority ^nsnin^rewm^nc 
! ' interSonal Preliminary examination report anc its ai^xe*. if any, estabhshed on the ■mcrnat.ona, a,pn„ati. . 



2. A copy 0' 

:c all tna elected Officas. 



:nc rooort and its annexes, if any. it haing transmittec to tne international Bureau fy. 



vvinmunicatior. 



3 Where required by anv of the eiened Offices. th« international Bureau will prepare an £n 3 ta. aviation of we 
report (but not of any annexes; and will transmit sucii translation to those Otticee. 



4. REMINDER 

The acDlicant must enter the national phase aetore each ducted Office by performing tertain acts (fi^g 
ZSS!» ana paying fee.) within 30 months from tho W^*™* "»» °*-™> " Artc * 

33(1 )) (see also the reminder jsnt by the International Bureau with Form PCT.-IB/3C ■ ,. 

Where a wnaiation of the international application must be furnished to an elected Office, that translation must 
on nV;"n I .ion of any annexes to tne International preliminary examination recon. It « the appl.cant . 
responsiDllfiy to pup** and fumton such translation directly to each elected Off.ce concerned. 

For runner details on tne applicable time limit* ana requirement, of in. electee Offices. ^ Vo,ume il of tne 
PCT Applicant's Guide. 
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| Autnorlzec officer 
1 T3i.-i5 95 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
2/6101 


A „_ K| See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/IB99/02087 


International filing date (day/month/year) 
07/12/1999 


Priority date (day/month/year) 
07/12/1998 


International Patent Classification (IPC) or national classification and IPC 
H05B41/00 


Applicant 

SYSTEL DEVELOPMENT AND INDUSTRIES LTD. et al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basts for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
I S Basis of the report 



II 


□ 


Priority 


III 




Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 




Certain defects in the international application 


VIII 


□ 


Certain observations on the international application 



Date of submission of the demand 
06/07/2000 


Date of completion of this report 

19.03.2001 


Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 
/flft D-80298 Munich 

zd? 1 Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer v-ssr*-^ 

Villafuerte Abrego (| S&I f) 

Telephone No. +49 89 2399 21 89 \2a»j»/ 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/02087 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 

1 -73 as originally filed 

Claims, No.: 

1-10 as originally filed 

Drawings, sheets: 

1/17-17/17 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/02087 



□ 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 11-48. 



H the said international application, or the said claims Nos. 1 1-48 relate to the following subject matter which 
does not require an international preliminary examination (specify): 
see separate sheet 

□ the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

H no international search report has been established for the said claims Nos. 22-48. 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because: 



1. Statement 



Novelty (N) 



Yes: 



Claims 1-10 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/02087 



No: Claims 

Inventive step (IS) Yes: Claims 1 -1 0 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-10 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 3) (July 1998) 



• * 

INTERNATIONAL PRELIMINARY International application No. 

EXAMINATION REPORT - SEPARATE SHEET 



PCT/IB99/02087 



To point III: 

The International Search Authority found multiple groups of inventions in this 
international application as follows: 

- Claims 1-10: a ballast with common mode inductor for fault ground current; 

- Claims 1 1-21 : a ballast with dynamic dead time control; 

- Claims 22-32: a ballast with combined PWM and frequency modulation; 

- Claims 33-46: a ballast with transmitted dim control data and RFC; 

- Claims 47-48: a method of dimming by monitoring the load current. 

Following an invitation to restrict the claims, no reply was received from the Applicants. 

To point V: 

-The document cited in the International Search Report D1 = J P-A-1 0-303674 is 
considered to be the most relevant state of the art. 

-In the opinion of the Examining Authority the structural combination characterising 
Claim 1 is not fairly taught or suggested by the prior art. In particular the prior art doe 
not indicate the monitoring of the fault current by a common mode line inductor for 
turning off the inverter or power to the inverter circuit. The independent Claim 1 is 
thus new, inventive and industrially applicable, and fulfils therefore the requirements 
of Article 33 PCT. The dependent claims 2-10 are equally clear, concise and are 
supported by the description and also fulfil the requirements of Article 33 PCT. 

To point VII: 

-According to Rule 5.1 (a) (ii) PCT, document D1 should be mentioned in the 
description and the background art useful for understanding the invention discussed 
therein. 

- To meet the requirements of Rule 6.3 (b) PCT, the claims should be in the two part 
form, i.e. a first part or preamble indicating the necessary technical features known 
from D1 and a second characterising part , preceded by the expression "charac- 
terised by" or "characterised in that" and containing only the new technical features. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 
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WO 00/3525^ 
PCT/IB 99/02087 



From the INTERNATIONAL BUREAU 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 

A DDI IPATIHM TO TUP RPQIf^M ATFH OPCIPPQ 

(PCT Rule 47.1(c), first sentence) 


To: 

FREIMANN, Daniel 
P.O. Box 29814 
61297 Tel Aviv 
ISRAEL 


Date of malting (d ay/month/year} 
15 June 2000(15.06.00) 




Applicant's or agent* s file reference 
2/6101 


IMPORTANT NOTICE 


International application No. International filing date (day/month/year) Priority date (d a y/mo nth/year) 

PCT/IB99/02087 07 December 1999 (07.12.99) 07 December 1998 (07.12.98) 


Applicant 

SYSTEL DEVELOPMENT AND INDUSTRIES LTD. et al 



1 . Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

CN,JP,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
EP,IN 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
15 June 2000 (15.06.00) under No. WO 00/35252 



REMINDER REGARDING CHAPTER II (Article 31 (2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months {or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the internationa I application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WIPO 


Authorized officer 




34, chemin des Colombettes 


J. Zahra 


1211 Geneva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41 -22) 338.83.38 



Form PCT/IB/308 (July 1996) 3337937 



From the: 

INTERNATIONAL PRELIMINARY 



FINING AUTHOPiTY 



. , ON TREATY 

• 



FREIMANN, Daniel 
P.O. Box 29314 
61297 Tei-Aviv 
ISRAEL 



PCT 



COPY 



WRITTEN OPINION 
(PCT Rule 66) 



Date of maiiinc 
lUay/mvntti/year) 



OG. 12.2000 



Applicants or agent's me reference t REPLY DUE 

z/eiui : 


within 2 month(d) 

irom the aoove aate of mailing j 


international apniifiatinn Nr.. ! international filing oate (ttay/montotyear) 


i ! 
I Priority oats (aay/month/year) 


PCT/IB99/020S7 07/1 ?/i 999 


! 07/15/1998 


Iniarnational Patent Classification (t?C) cr coin national classification ana PC 




H05B41/00 




ADpilcen! 




SYSTEL DEVELOPMENT AND INDUSTRIES LTD. et ai. 





1. This written opinion js the first drawn up by this International Preliminary examining Authority, 

2. This opinion contains mcications relating to the following items; 

I 2£ Basis of th* opinion 



Lack of unity of invention 

Rea9onec eiatement unaer Huie B6.2(a)(n) wiir. regarc 
citatione and explanations supporting such statement 



3. The applicant is hereby invited to reply to tnis ownion. 

Whan? 3e* the time limit indi&otcG above. The applicant may, before the expiraiicn of that time limit, 
request mis Authority to grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, whare appropriate, oy amendment, according to Ruia £6.2. 
Fur Li m lOnn airJ the language of the amanamanis. see nu!e& 68.8 and 68.$. 

Alao: For an aodltlnnpl opportunity in mihmit amfinrimftntfl. ftftft Rule fin. A. 

"or the examiner^ obligoiion to oonoidor axonomonto and/or argumonio, ooc Rulo 66.4 bio. 
For an informal communication witn rne examiner, see Rule 66.6. 

If no reply le fllad, tne international preliminary examination report will be establlshea on the Dasis of tnis opinion. 

4. The final date sv wnlcn tns international preliminary 

examination report muot be cotaoiiehod aooording to Ruie 65.2 le: 07/04/2001 , 



III 


s 


iV 


□ 


V 




VI 


□ 


VII 


n 


VIII 





Name ana mailing aoarsss or tne international 

preliminary eismininn. sutnorrry: 

curcoeen Paten: Ctflcje 
0-30293 Munich 

Tal, -40 83 ^300 : r x; epmu c 

-ax; -4y *y z jstf • -£c5 



Authorised officer / examiner 

Vlllafuerte Abreqo 



=orm^llti*iA onlnar (mri. anan.sinn rsf tinft limits'; 
TeieDnone No. -49 59 2393 226* 



( J): 



"orm PCT/IPFA/AmS ^T>var «naaii I'.ianiiflrv I9^*i 



WRITTEN OPINION International application No. PCT/IB99/C2087 



I. Basis of the opinion 

l . This opinion has been Urawf i on the oasis of [substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Artiolc U arc referred to in this opinion as "originally filed".): 



Description, pagas: 

1 -73 as originally filed 



Claims, No.. 

1-10 as originally filea 

Drawings, shftdts: 

717-17/ 17 as originally fiiea 



2. With regard to the language, all the elements narked above were available or furnished :c thie Autnority m tne 
language in which the international application was filed, uniess otherwise inoicatea uncer this item. 

Theee elements were available or furnished to this Autnority in the following language: , whicn is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)>. 

□ the language cf publication of the international apulitaliun (under Rub 48.3(D)). 

□ the language of a translation furnlshari for the purposes of international preliminary examination (unoer Ruie 
55.2 and/cr 55.3). 

3. With regard to any nucleotide and/or Amino acid saquance disclosed In the international application, tne 
International preliminary examination was carried uui un the basis of the sequence listing: 

□ coniained In The International appligaliun in wriiien lorni. 

□ flied together with the international application in computer reao2ble form. 

□ furnished subsequently to thio Authority In written form. 

□ turnlsned subsequently to this Authority in wmpuier readable form. 

□ The statement that the subsequently furnished written sequence listing aoes not go beyona the disclosure in 
the international aopllcailon as filed has bean furnished. 

□ The statement that the Information recorded in computer reanabla form is identical to tne written sequence 
lisiing has been furnlshec 

4. The amendments have resulted in the cancellation or: 

□ the description. pages; 
G 'he claims. nos.: 



"errn rCT/l PEA/AOS ,'3o«a < VNi, snoo*. '; f-'uiy * 956; 



WRITTEN OPINION international application Nc. PCT/1B93/020S7 



□ His drawings, sneets: 

5. □ This report nas been estaulbl.ed as ,1 (some oi) the amendments had no. teen made, since they have saan 
" considered te go beyond tho disclosure ae filed (Rule 70.2(c)): 

/Any replacement sneer containing sucn amenoments must oe reterreo to unaer /rem r ana annexes re rn/s 
report.) 



6. Additional observations, if ncocscary: 



HI. Non-establishment of opinion with regard to novelty, .nventive step and industrial applicability 

The questions whetner me claimed invention aopears to oe novel, to involve an inventive steo -:tc oe non-oDvious;. 
or to be inoustrially applicable have not been and will not be examined in respect of; 

□ the entire international application, 

S ciaims Nos. ' '^S. 
because: 

□ the said international application, or rha mH oialm* Nor. relate to toe following subject matmr whir.h noes 
not require an international preliminary examination (specm 

□ tne Mscnptior.. claims or arawings {indicate particular elements oelow) or said claims Nos. are so unclear 
lhal no meaningful opinion couid be formed [specify): 

□ the claims, or said claims Nos. are so inadequately supported Py the description that no meaningful opinion 
could be formed. 

B no international search repon has been establish^ for the said claims Nos. 1 1 -46. 

2 A written opinion cannot be drawn due tn the failure nf the nucleotide and/or amino arid ^mca llalnn tr. 
comply wltn tne standard sroviced tor In Annex C o! tne Administrative instructions: 

□ tne written form nas not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the stanaaro, 

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrlalapplicablllty; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims ^OVEs 

inventive step fiS) Claims -.-10YES 



Form PCT/!PEA<*0c iScAei i-vm. 3nee: 2) ;Juiy *39o;. 





WRITTEN OPINION 



International application No. PCT/IB99/02057 



Industrial applicability (IA) 



Claims 1O0 YES 



2. Citations and explanations 
*ee separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, arid drawinys or on the question whether :ne 
claims are fully supported by the description, arc made: 
see separate sheet 



Form ?CT/IPEA'405 (boxes t-vin, Sneei 3j (Juiy 1998) 



WRITTEN OPINION 
SEPARATE SHEET 



International application^ PCT/IB99/02087 



To ppl nt HI: 

The International Search Authority founa multiple groups ot inventions in this 
international application as follows: 

• Claims 1-10: a oallast with common moae mnucrorror fault grouno current: 

- Claims : 1 -21 : a ballast with aynamic aeaa time control: 

• Claims 22-32: a ballast with combined PWM and frequency moaulatlon: 

- Claims 33-46: a ballast with transmitted dim control data and PFC; 

- Claims 47-48; a method of dimming by muniluring the ioad current. 

Following an invitation to restrict the claims, no reply was received from the Aoplicants. 

Te point V: 

-The document cited in the international Search Report D1 = JP-A-1 0-303674 .3 
considered to be tne most relevant state 0? the art 

•In the opinion of the Examining Authority the structural combination characterising 
Claim 1 is not Talriy taugnt or suggested by the prior an. In particular the prior art doe 
not indicate the monitoring of the fault current by a common mode line inductor for 
turning off the inverter or power to the inverter circuit. The independent Claim 1 is 
thus new : inventive and industrially applicable, and fulfils therefore tne requirements 
of Article 33 PCT. The dependent claims 2-10 are equally clear, concise and are 
supported by the description and also fulfil the requirements of Article 33 PCT. 

To point VII: 

-According to Rule 5,1 (a) (ii) PCT ; document D1 should be mentioned in the 
description and the background art useful for understanding the invention discussed 
therein, 

■ To meet the requirements of Rule 6,3 (b) PCT, the claims should be in the two part 
form, i.e. a first part or preamble indicating the necessary technical features known 
from D1 and a second characterising part , preceded by the exprea3ion "charac- 
terised by" or "characterised in that" and containing only the new technical features. 



Farm PCT;'S«aafdi© Siib*c406 i5r:=r: 



}) >zFQ~±.zn; '.557'. 
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From the INTERNATIONAL SEARCHING AUTHORITY 



PCT 



To: / 

FREIMANN, Daniel 
P.O. Box 29814 
61297 Tel -Aviv 
TSRAFI 

x J r\/\i_ l. 


NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 


Date of mailing 

(day/month/year) 29/06/2000 


Applicant's or agent's file reference 

2/6101 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 

PCT/ IB 99/02087 


International filing date 
(day/month/year) ^ , j j / j 999 


Applicant 

SYSTEL DEVELOPMENT AND INDUSTRIES LTD. et al. 



1 . [^] The applicant is hereby notified that the International Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet. 



Where? Directly to the 



International Bureau of WIPO 
34, chemin des Colombettes 
1 21 1 Geneva 20, Switzerland 
Fascimiie No.: (41 -22) 740.14.35 



For more detailed instructions, see the notes on the accompanying sheet. 

2. I I The applicant is hereby notified that no International Search Report will be established and that the declaration under 
' — ' Article I7(2)(a) to that effect is transmitted herewith. 



3. With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

| | no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90b/s.1 and 90b/s.3, respectively, before the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
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Title: 



DIGITAL POWER CONTROLLER 



FIELD OF THE INVENTION 



This invention relates to power controllers and 



more specifically relates to a power controller, using 
digital implementation with such stand-alone features as 
automatic shut down; dead time control, close to inductive 
side driving; and filament connections. 

BACKGROUND OF THE INVENTION 



employ analog techniques. Digital techniques are normally 
avoided where smooth control is desired, for example, in 
controlling the dimming gas discharge lamps such as 
fluorescent lamps in an electronic ballast. 

The present invention provides a novel digital 
implementation for power control circuits, particularly 
for the control of fluorescent lamp dimming. 



Power controllers are well known and normally 



Some limitations on analog power control systems 



are : 



I. 



Inflexible driving algorithm 
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15 



20 



• • of nower switches (MOSFETs , 
Optimal driving of power sw 

fhvriaters, IGBTs and the like) 
bipolar, transistors, thyristers n£ar multi?ie 

requires complex algorithms based on non 

nd variable functions, with a variety or 
stage and vanahie run circuitry's 
predetermined parameters being chosen as 
physical parameters change. 

,u. rase of a fluorescent 
For example, m the case or Haq < «, d 

' controller flexible algorithms are des.-ed 
ballast cower controller, 

to supply special loads when: fluores cer.c 
a) a complex working regime t 

v, <- or^rtun operation is needed, 
lamps including the preheat startup op 

b , Non-linear or special operatxon 

for the fluorescent lamp complying to its V/I 
retirements for th ^ of the dirarning decision 

working curve, and as a tunc 

tab le to provide the best ^^. Jot^t^ lamp 

e) Flexibility to enabl use o 
configurations (types and numbers of lamps) 
main voltages. 

The number- cf electronic circuit, increase, as 
n^er c £ controi .unction i---^ 
implementation is feasible, it req 
overhead . 



25 



III 



No decision tables 

An analog solution does not provide "IF-THEN 

■ ■ . Tt only provides "YES - NO " decisions using 
decisions. It oniy v . 

a linear predetermined 

(VCO) for frequency modulation 
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(FM) or pulse width modulation (PWM) zero to max. , pulse 
control, etc. 

IV. No parameters set tables 

5 This has to do with different lamp 

configurations, in the case of a fluorescent lamp ballast, 
but also with many other decisions made by the controller 
in everv state of its operation. One specific example » 
the time response of the lamp current loop being different 
10 at high level or low level as well as during transient or 
at steady state operation. 



15 



20 



rrTrF nrcrBTPTTOW OF ™" INVENTION 

The oresent invehtion provides a number of novel 
improvements which can be integrated into a simple system, 
or, in some cases can be used singly in a stand- alone 
circuit. These improvements are: 

I. Programmable predetermined fixed internal 
parameters can be programmed by the designer, by means of 
simple MM I , adauting control loops to the desired 
operation regimen and power circuit, while protecting the 
power circuit from damage if running it under "non-legal" 
25 settings. This technique allows on-the-spot matching of 
control to power circuit, instead the tedious and costly 
procedure common in digital signal processing (DSP) 
devices that requires programming of dedicated software 
and back and forth adapting of control to power. 
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The predetermined fixed internal parameters 
above refer to a set of numbers and tables intended for: 
limits, constants,, parameters and signed 
coefficients included in the control loop 
algorithm; and 

addressing/ identification; etc. 
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Examples of the above are: 

1. to normalize to "real 11 signals; 

2. to create the limits for the "IF - THEN" 
algorithm. 

3. to adapt to the designed ccr.f iguration and 
the work regimen of the ballast. 

II. Programmable predetermined parameter 
internal power configuration tables are provided. 

III. An externally programmable new parameters 
table is provided that can be set for a specific 
application that cannot use the already existing tables 
(for example: an EEPROM function) . 

IV. Software substitutes may be used for analog 

circuits . 

V. An application specific integrated circuit 
(ASIC) handles, in principle, an indefinite quantity of 
functions with an insignificant amount of silicon. Thus, 
all possible components/circuits/algorithms are integrated 
on the same silicon. This provides a simple low cost and 
enhanced solution with all the flexibility provided by 
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ftware The integration provides high noise 
iri-ion. elates interest intake to. 
components, shares circuitry elements and a..o 
space reduction. 

VI a gate array is provided which includes the 
£ ast aigorith.s or the fast portion of the.,, U*: 
!. center Tap; ^ 
Zero, mxnimum and maximum current ^ 
power factor corrector (PFC) ; 
Generation of driver pul'ses . 
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VII 



_ A microcomputer and the gate array share 
actions that are being carried out in parallel. 

VIII A very low-end microprocessor processes 
ali th e Z b Y .--sharing instead of using the super- 
scalar processor used in DSPs. 

IX A gate array carries out all of its 

In parallel. Functionally, the assignment 
assignments in parallel. array 
operate in parallel and require separate g 
sections or blocks for each one. 

x . The microprocessor manages the gate array 
operation, among others. 

XI Th e gate array receives input from 
• nets and operates the immediate algorithm 
.onitorxng net and P fluor escent lan* dicing, the 

microprocessor, and gate array. In the 
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. w th e gate array also carries out 
embodiment described, the g 

watchdog functions. 

XII Th e Microprocessor monitors protections 
. M care of long term actions. 
5 being operated ana takes care 

neral the functions constructed by 

-" ieS ° Ut a , he sub-functions which re- 

pulses or actions. - c „ r ied out during a 

processing « ~* ^ by the microprocessor^ Th- 

slower moae, are c - _ ^ ^ nve ntion provide a 

1S nove l structure and process - ^.^ c£n 

pro grammable ^^^^ ballaS t . The control 
be used for a dimming fluorescent 

module features are: 

fVie integrated Digital Control 
Coynes * ^ ^ ^ 

Dinmable Electronic Bal.as light ing ballast 

printed circuit board prod - " ^ ^ ^ 

designs and evaluation suitable 
production. 

25 mher of -on board" programmable, 

v,\ a larqe number or 

b) H.fine preheat, absolute 

for example, 14. parameters define p 
light-level and dimming range. 

9hlM t he control parameters 
An EEPROM enables tne u 
30 .a single hardware platform for 

described above to use a . singl ^ 
' multiple lamps, diverse operation 
applications. 
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integrated software defaults predefined 



25 



pa „ d L a 1 ™-;- « «« - 

line/mains. 

= n riimm^na ballast controls, 
e, Incorporates ASIC 

including power converse, mto ^ 
with m ulti-mode closed-loop control .no pu.se y . 
bridge protection. 

„ A edified optical -mode boose PFC centre! 

.^. or fT'HD) at all 
achieves lowest total harmonic dis.cr^on 

light levels. 

a) * series resonant lamp inverter control 
th*n 1% current-level control as required 
achieves less than i. c , 
for architectural dimming fluorescent oallasts. 

h) Module flexibility speeds product redesign 
„ id testirg in advance of custom ASIC software 
and fxeld testing in high . volume ballast products, 

specification suitable for.mgn 

A laroe number of other features can be 

nf t-he invention, as 
craned i*co the novel system or tne — 
Z7Z H of tne syste., or as stand alone features 
rlcouM he incorporated into any hallast control 

circui t. — _ dom circuit £o r tumin g off 

tn the sensina of a common 
xaiiaet in response to tne s>=» 

^"n 1 =u ncy current which exceeds a 9 iven value. 
Tn "artliar- an Idded w.ndin, is wound on tne c„» 
node choke to sense a high frequency 
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-F-p nnwor tc -herbal last in 
ground fault current and turn off power to .-i 

response thereto. 

P 2 A-^ovel circuit for connecting two or more 

,«= 'Hisrharae 1 aires , Darticularly 
filaments of two or more gas discharge . " lamD 
fluor escent lamps, in parallel so that removal o, any amp 
br ea*s that circuit while permitting the vc.tage ^pplxed 
to the lamo to be reduced for dimming- In par.icuia., 
series/oarallel circuit is provided which enables 
energization of the lamp filaments with a hair wave 

0 rectified DC. 

3 A control arrangement ror DC „o AC 
,. ve ^s for driving non-linear loads such as electronic 
;:u; rs for hi* pressure and low pressure gas discnarge 
^resonant power supplies and laser power supp.es 
- anTtre n*.. wherein the control scheme employs both 
3 ana the -~ fre auericy modulation, driving the 

variable pulse width and frequency 
ln . d as c -. ose to resonance as possible but on the 

I c vllide of resonance. Both ^ a- - 

sid e switches of the bridge (half or full wave, are 
20 independently controlled in this arrangement. 

„ A novel protection circuit tor a bridge 

(half or full wave) inverter which supplies a 

connected (nair or n for- 

. ThP noint at which a dynamic 

performance of the circuit. The point 

• w •„«« i«j sensed by sensing the point where 
dead- time begins is sensed y 

current collapses to zero m a capac.tive t .m 

case The sensing circuits may sense inductor current 

, transformer or shunt resistor, by sensing 
3 0 using a current transtorme^ 

the current through 
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, • kv sensing the bridge vdltage or by 

the switching devices, by sensing 

sensing the bridge voltage dv/dt . 

According to the present invention, an ^ 
■ e -, e ctronic ballast for a gas discharge lan* is proviaea n 

I ch the electronic ballast has an input a-c circuit a 
5 wnicn.tne eictu . r a _ c circuit 

co^on mode inductor for connect said a 
-o a bridge connected rectifier, an inverter 
lie uUng a high side ~*c h and a low side switcn which 
, s couoled to the bridge connected rectifier, -a a 
. 0 I sonant circuit coupling the inverter Circuit .o a no 
"Avino the gas discharge lan*. » -iter — 
cooled to the common mode inductor for sensing . high 
™ =y fault ground current, which has a r„ 
- er than the fre„ the 
„ ground connection. A contro Uer u ^ 



20 
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As anotnei oa^v.^- — - 
• ballast for at least two parallel connected gas 
electronic ballast tor • is Dro vided 

discharge lamps removably -unted in a iXture 



discharge lamps ., r .. 0 nar.t coupling 

i„ which there is an inverter Circuit, a re on 
c<rc uit and at least two gas discharge lamps. The gas 

a «ri cppnnd filaments, ine 
discharge lamps have first and econd 



TCZ ^st n si::: windings are coupled to the 

s „, ie s with the first and second windings respect y 
!^ and second diodes respectively, whereby the 

^connection of the lamps and the filaments from 
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h , nnttjut circuit from ttfe inverter 
their fixtures opens the output: cum 

circuit. 

As another aspect of the present invention, «~ 
electronic ballast for a gas discharge lamp is providec m 
whi ch there is an input a-c circuit. An " 

.. ■ «„f = r< circuit. A rectifier ondge is 
connected to the input a-c circuit. 

connected to the a-c circuit for producing an output d-_ 
vol'tage from the a-c circuit input. An inverter circuit 
including a high side switch and a low side switch is 
connected in series at a node and connected across the 
output of the inverter circuit and a load circuit is 
connected to the node and includes the gas discharge lamp^ 
The h -ch side and low side switches each comprise MOSgated 
devices, and the like, having input control terminals 
energizable to turn them on' and off and each has a 

diode. A master control circuit applies suitably 
timed control signals for alternately turning the high 
side and low side switches on and off. A dynamic dead 
time control circuit in provided in the master control 
cirC uit for insuring only a short interval between the end 

.,>,.- rhe Ivqh side and low side 
of current conduction by either the n.gn a 

MOSgated devices, and the like, and the beginning of 
conduction by the other by the control of the application 
of controls signals to their control terminals. The 
dynamic dead time control circuit is coupled to and 
monitoring at least one of the current in the resonant 
load, the current in the first and second switches, the 
output voltage of the rectifier bridge or the rate of 
chanae dv/dt of the bridge voltages, and adjusts the 
application of turn on signals to the high side and 
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1o „ side switches for both capacity and induce 

OPeratiC " S , s . tl H anocher aspect of Present 

m^nv'e for controlling 
• ror ,r. c - an electronic control moau.e 
invent xc~, an h «llast fo-r at least one 

= the operation of an electronic ballast .o. 
5 the oper= contrc i module has an 

i*mn is providea in which the conuo 

Lid c-cu^t operable in accordance with control 
integrated ci-cu.t op secon d switch to 

Hnformac^on to drive a first switcn and a secon 
mformat.c. com bination of pulse 

• ^ =r ipast one lamo asing a 
power tne at ~east o m ^--ior A first memory 

• and frequency modulation. «. 

L0 width moaulat.on ana r.eq y ^ 

rr c«» integrated circuit, the tirst 
is couplea to t-~ mc g parameters 

■«rr - niu~-ty of parameters taCies, ~acn p 
scoring a ?iu-— ty inte grated 
table having the control m.ormatio.. -o 

ClrCUit ' u m .,r of f"e present invention, 

As yet another aspect or t..e u 

15 »«d circuit for controlling the operation of an 

an integral =- ^ a central 

electronic lamp ballast is P- uvx 

g = supervisor carols .ne -eraU =P~««£ 
el ccr=,ic 1Sn p A dc,a= g enera C or ^ * 

signals -or »n invert iine 
u ■«„ - -'irst switch and a second s*itc... a p 

— "t ;:::r::r re:::: 1 ::::- ^ 

25 power line. A power , power factor 

- i«,ir qutjervisor ana controls puwc. 

- - — lamp ballast - 

As another aspect of the present invention, a 

method for controlling the dimming operation of an 
h --ast is provided in which a current 
30 electronic ba.iast is pj-u 
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through . !oad coupled to the electronic ^ 
monitored and the current to maintain a dimming xevel 
controlled. 

dp t'P'P OESCr- TT-N ™ ^ SWINGS 

Figure 1 is a prior art electron- ballast 
circuit which presents a hazard in the presence of a high 
frequency, high voltage ground fault. 

■ Figure 2 shows a novel circuit to provide high 
frequency hazard protection and is an improvement of the 
circuit cf Figure 1. 

Figure 3 is a circuit diagram of a lamp ballast 
15 with a known serial connection of lamp filaments. 

Figure 4 shows a circuit diagram of a lamp 
ballast with a known parallel connection of lamp 
filaments . 

Figure 5 shows an improvement of the circuit of 
Ficures i and *- and is a novel circuit arrangement for a 
iamp ballast employing a novel series/parallei connection 
of filaments. 



20 



25 



30 



Fiaure 6 shows a known generic half-bridge 
ballast circuit operated in a near resonance operation. 

Figure 7 shows the voltages and currents in the 
circuit cf Figure 6 on a common time base- for a reactive 
phase condition. 
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Figure 8 shows the voltages and currents in the 
circuit of Figure 6 for a capacitive phase condition. 

Figure 9 shows the circuit of Figure 6 adapted 
5 with a novel current sense protection circuit. 

Figure 10 shows the circuit of Figure 6 with a 
novel voltage sense protection circuit. 

1Q Figure 11 shows the circuit of Figure 6 with a 

novel dv/dt sense protection circuit. : _ 

Figure 12 shows the curves of Figure S, using a 
novel continuous reactive load mode of operation. 

15 Figure 13 shows the curves of Figure 12, 

modified by a novel use of predicted minimum dead time. 

Figure 14 shows a novel voltage sense protection 
2C circuit (Figure 10) for an. electronic ballast. 

Figure 15 is a block diagram of a preferred ASIC 
which can be used to control the circuit of Figure 14. 

2 , Figure 16 is a block diagram of a full control 

module using the circuits of Figures 14 and 15. 
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Figures 17 and 17A show the curves for the 
novel independent control of the high side and low 
side switcheB of a DC/AC bridge inverter. 

Fiqure 18 is a block diagram of the silicon 
5 topology nf the ASIC of Figures 14 and 15. 

Figure 19 shows relevant voltage and current 
curves produced by the ASIC of Figure 18. 

Figure 20 is a diagram of light level versus 
current in which the curve is divided into matched 
10 segments of the conventional non-linear curve. 

Figure 21 is an interconnect diagram of a 
PLC Remote Controlled Dimmable Ballast. 

Figure 21A is a schematic diagram of the 
ASIC used in Figure 20. 

15 Figure 22 shows the ASIC pin assignment for 

Figuree 2 0 and 21. 

Figure 23 is a Wall Control Unit schematic 
diagram for the diagram of Figure 21. 

20 Figure 24 is a further electrical diagram of 

the ballast control, module of the invention. 

Figure 25 is an electrical diagram of the 
ballast Dlatform with control module. 



-14- 



_ PCT/IB99/02087 
WO 00/35252 



n^TRTT.TO DKSCRIPTION ™ TWF. DRAWINGS 

There is next described the various novel, 
features which can be combined with one another and/or can 
stand alone. These are described in Sections I through V 
5 hereinafter. 

I. The High Frequency Hazard Protection 
Circuit . 

i 0 Referring to the drawings in which like 

reference numerals refer to like elements, Figure 1 
schematically shows a prior art electronic ballast circuit 
in which an AC input line is connected to a full wave 
bridge connected rectifier circuit 30 through a common 

15 mode choke 31. The windings of the common mode choke or 
inductor 31 both have stray capacitances associated 
therewith as shown. The output of bridge 3 0 may be 
connected to a DC-to-DC power factor converter circuit 33 
which has one output connected to the V ss bus and another 

20 output to the V =c bus. 

A high side switching MOSFET (or other MOS 
controlled device such as an IGBT) Q : is connected to the 
V cc bus and a low side switching MOSFET Q 2 is connected to 
25 the V ss bus. MOSFETs Q x and Q 2 are suitably controlled to 
alternately turn MOSFETs Q x and Q 2 on and off with 
controlled frequency, duty cycle and/or phase delay. 

Output node 3 5 is then connected to a resonant 
3C load, which, in Figure 1, consists of 
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blocking capacitor 40, inductor 41, parallel capacitor 42 
and fluorescent lamp 45 having filaments 43 and 44. 

The line conductors in Figure 1 are connected to 
5 ground 46 through capacitors 47 and 48. A hazard exists 
if . because of a ground fault or the like an individual 50 
is connected between the circuit and ground. 

The hazard caused by the low frequency (50/60 
10 hz) is generally treated with a residual current sensor 
(not shown) . However, the high frequency (20-100Khz) 
voltage used ir. electrons ballasts might: be dangerous 
because the voltages are high (especially during the 
ignition period) and the gas in the tube behaves like a , 
15 large capacitor. 

Figure 2 shows the novel circuit for avoiding 
the above hazard problem. In Figure 2, those parts which 
a^e similar to those of Figure 1 have identical 
identifying numerals. A novel additional winding 60 is 
added to the common mode choke 31. Winding 60 is 
connected through diode €1 to a controller 62 which is 
adapted to sense a fault condition. If winding 60 senses 
a common mode high frequency current higher than a safe 
value, controller 62 applies a "shut-down" signal to 
converter 33, thereby shutting down the DC/AC power 
bridge. Details of a typical converter and DC/AC power 
bridge which could be used with this invention are later 
described herein. 
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II. DC Filament Supply Circuit fcr %afe 
parallel I nr" nnAration. 

A fluorescent lamp has two filaments at its two 
Thus, in Figure 3, lamp 45 has filaments 43 ana 
„ These filaments must be heated before the lamp 45 can 
be ignited, and must remain heated if one wishes to 
operate lamp 45 at a "Low Light" or dimmed condition 
Tne^e are two principal connections for lamp ^laments 
uce d in electronic ballasts, a serial connection and a 
parallel connection. Figure 3 shows the serial 
connection. 

In this configuration the heating current flows 
through the resonance circuit formed by inductor 41 ana 
caoacitor 42. Prior to ignition and during a phase the 
voltage on the lamp should be lew (under the ignition 
voltage) . Therefore the operating frequency should be 
significantly above resonance. At that frequency the 
"lent i. determined by inductor 4! and might be too low 
co oroduce adequate filament heating. At and after 
ignition the current through the filament is adequate. 

Figure 4 shows a prior art parallel connection 
cf filaments 43 and 44. In this configuration the 
inductor 41 has additional windings ,0 and 7! which are 
u =ed a supply a heating voltage to filaments 43 ana 44 
"rather than a series, current. This circuit provroes an 
adequate current through the full iamp operating mooe^ out 
it has a serious drawback That is. when a lamp ,s taken 
out of its housing, current still flows through the 
resonance 
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circuit 41 and 42 and might damage the ballast especial!; 



1C 



20 



when 



it is used to drive two parallel lamps. 



In accordance with the invention, and as shown 
in Figure 5, a novel series/parallel connec-ion is 
provided. Thus, windings 70 and 71 of Figure 4 are 
reconnected as shown and are connected to filaments 44 and 
43 respectively through diodes 75 and 76 respectively. 

This approach applies parallel heacing to the 
filaments and connects the lamp in such a manner that 
pulling it out of the housing will open the lamp circuit. 

The result is a serial-parallel combination, the 
15 parallel segment feeding the lamp 45 with a half wave 
rectified DC wave form. The diodes 7 5 and 76 are 
connected in such a manner that whenever the lamp 45 is 
pulled out, current flow is blocked. 



The connection of a second lamp 45 is shown in 
phantom lines in Figure 5. Under this arrangement, the 
removal of one of the lamps still allows the remaining 
lamp (or lamps where more than two lamps are driven) to 
operate. The removal of all lamps blocks the current 
25 flow. 
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III. Protective Circuits fcr the Bridge 
Tnwrter. : 

Figure 6 shows a "generic" half-bridge circuit 
for driving any desired resonant load, such as an 
electronic ballast. The half -bridge consists of the hxgn 
side and low side MOSgated devices, and the like, such as 
MOSFETs Ql and Q 2 respectively. MOSFETs Q ; and Q 2 are shown 
with conventional parallel body diodes 80 and 81 
respectively and load 82 can be any desired resonant loaa 
.such as gas discharge lamp. Basically . the circuit of 
Figure 6 ^s a - resonant topology and zhe work regime is 
near resonance; that is, close to the resonant frequency 
of inductor 41 and capacitor 42. The invention to be 
described is suitable for any application in which a 
reactive current might flow through the bridge Q x , Q 2 . 
Note that everything described below applies to a full 

~n == t-hp half -bridge shown in Figure 
bridge topology as well as the hair -nay 

6 . 



Figure 7 shows relevant voltages and currents in 
the circuit of Figure 6 on a common time axis when the 
excitation frequency of MOSFETs Ql and Q, is above the ^ 
resonant frequency of inductor 41 capacitor 42 and loaa 
25 82 in this condition the load is reactive. In Figure 7, 
line 100 is the HO signal to Ql and line 101 is the LO 
signal to Q 2 . The bridge voltage at node 35 is shown by 
line 102 and the bridge current is shown by line 103. 

30 At the end of each excitation cycle in Figure 7, 

the current 103 through the inductor 41 lags 
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behind the excitation voltage 102. When the upper switch 
q is c i 0 sed, a current flows into the inductor 41. When 
tne upper switch^ opens or turns off, the current must 
continue flowing through the inductor 41 and does so by 
flowing through the lower switch integral diode 81 as 
shown by line 104 in Figure 7. When the lower switch Q 2 
closes G-, the integral diode 81 recovers from conduction 
at a zero voltage by a recombination of carriers effect 
only. 

The same behavior described above applies to the 
half cycle controlled by lower switch conduction line 105. 

The following can be observed: 

1 When upper switch Q x is turned off, the 
inductive current is steered to the lower switch integral 
diode 81 and the voltage 102 at the bridge swings 
immediately from Vdd to Vss . 

2 The current steered into the lower switch 
integral diode 31 collapses to zero while the lower switch 
Q 2 is closed. 

3 Simultaneous conduction of both upper and 
lower branches Ql and Q 2 and of the bridge is not possible. 

The diagram of Figure 8 shows the behavior of 
the inverter bridge of Figure 6 when the excitation 
frequency is below resonance (and the load is 
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therefore called capacitive) . The various crates of 
Figure 8 have the same numerals as those of Figure 7. 

At each excitation cycle the current through the 
inductor 41 leads the excitation voltage and reverses its 
direction before the excitation cycle ends. Thus at the 
end of the excitation cycle the current flows through the 
integral diode of the power switch Ql or Q 2 which is turned 
or and which is about to close. When the upper switch Ql 
is closed, current still flows through its integral dioae 
80. When the lower switch Q 2 closes the current still 
flows through upper integral diode 80; therefore it 
recovers at a full DC bus voltage through a forced 
recovery process, which is harsh. This forced recovery 
process causes a momentary short circuit condition with a 
high current spike (labeled in line 105 of Figure 8) ana 
may lead to a device failure. 

The same behavior applies to the lower switch of 

20 Figure 6- 

The following can be observed for a capacitance 

condition : 
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1. When upper switch Q 1 is driven "Off" the 
current through the inductor 41 flows into the upper 
switch integral diode 80 due to current direction reversal 
that occurs before the excitation ends. 

2. The bridge will stay at Vdd level until the 
collapse of the current flowing from the inductor 
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41 to the integral diode 81 or until the Icwer.switch Q, is 
driven into conduction. 

3 if the lower switch Q 2 is driven into 
conduction while the upper swicch internal diode 80 is 
still carrying current, it will be driven into a nars.. 
recovery which may damage the device. 

4 . The same phenomenon can be observed at the 
iower switch Q, conduction period. 

The oroblem of simultaneous conduction caused by 
a har-h recovery is commonly corrected by inserting an 
intentional dead time which is a period in the cycle- ,n 
wbi ch none of the switches are driven into conduction 
^e dead time should be long enough to provide protection 
for the switching devices, but, on the other hand, 
inserting a large dead time will deteriorate the 
performance of the. bridge by limiting the duty cycle. 
Lo limits the ability of . the bridge to operate near 
resonance. Thus, the common solution is a compromise 
offering insufficient protection at the cost of limiteo 
performance . 



20 



It 



in accordance with the invention, a variable 
d ead time 1- Provided that adapts itself to circuit needs . 
Ir(s dead time is termed a -dynamic dead t.me. The 
I namic dead time is ach.eved * sens., the point where 
the current coUapses to zero in a capac lC1 ve case, .nere 
are four variants : 
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!. Sensing the current through the inductor 41 
by a current transformer or a shunt resistor in series 

therewith. 

2. Sensing the current through the switching 
devices Q-. and Q 2 . 



10 



20 



Sensing the bridge voltage. 

Sensing the rate of rise (dv/dt) of the 



bridge voltage. 



Figure 9 shows the use of a current sense 
protection circuit in which a current transformer 110 is 
provided to monitor the bridge current. Figure 9 also 
shows the control module 111 which provides the LO and HO 
outputs to MOSFETs Q 2 and Ql respectively. This current 
measuring function can also be carried out by current 
transformers (not shown) in series with Q, and Q 2 or by the 
shunt' resistor 112 in the Vss Bus . These current 
measurement devices are then connected to comparator 113 
in control module 111. Any "ringing" sensed by comparator 
113 close to the end of the current conduction penod can 
be controlled by a regenerative circuit such as a Schrrudt 
25 trigger, a flip-flop or a bus-holder. 

Figure 10 shows the circuits of Figures 6 and 9 
modified for a voltage sense protection mode. Thus, in 
Figure 10, a connection is made from node 35, through 
30 resistor 115 to comparator 111. 
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The operation of the circuit of Figure 10 is 
described in the following: 

I. An inversion of the bridge voltage at node 
5 3 5 occurs at the point that the current collapses to zero 
in a case of "capacitive" operation of the bridge (line 
103 in Figure 8) . 
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2. That inversion is sensed by means of a 
voltage comparator (line 102, Figure 9). A dead time is 
inserted from the period of the switch being closed till 
the inversion of bridge voltage (line 102, Figure S) . 

3. Any "ringing" sensed by the comparator 113 
near the end of the current 'conduction period can be 
controlled by a regenerative device such as a Schmidt 
Trigger or flip-flop or a bus holder (not shown) . 

4. When the bridge operates in an inductive 
zone (Figure 7) the inversion of the voltage occurs 
immediately after closing a switch; and therefore a dead 
time is not inserted.' 

Figure 11 shows a dv/dt sense protection scheme 
which provides a capacitor 117 coupled from node 35 to a 
logic ga-e 118 within control module 111. A control 
module connection is provided from resistor 119 to a node 
between diodes 120 and 121. 

The circuit of Figure 11 is a modification of 
the voltage sensing control of Figure 10 and is 
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suitable for digitally controlled DC/AC Bridges. This 
embodiment uses a logic gate 118 instead of -_he comparator 
113, which is basically an analog device. 

As long as the voltage is rising a current flows 
through the sensing capacitor 117 and xs clamped to VCC. 
At a falling voltage capacitor 117 is clamped to tr.e 
control circuit . When the voltage of the bridge does not 
^ se o- ^11, the input of the logic gate 113 mignt float 
and, therefore, it is held to an appropriate value by tne 
control logic. 

Tt is possible to use a continuous reactive load 
paction arrangement in which the DC/AC bridge of Figure 
6 is operated in a continuous capacitive regime, rather 
than providing protection only. 

When the dead time is being determined 
automatically by the current or voltage commutation the 
operation of the bridge tends to be irregular, which means 
that the bridge might be driven into asymmetrical 
operation and the current waveform will be irreguiar. 

A simple case of such an irregularity is shown 
in the wave forms of Figure 12 which shows the curves of 
Figure 8 but containing the irregularity. 

This irregular operation could be corrected by 
us s n g the previous (measured) dead time to predict a 
minimum dead time for the cycles to come, and sense the 
cu-rent or voltage afterwards, as shown in Figure ,2. 
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Figure 14 shows a specific circuit digram of a 
voltage sense protection syste* for a fluorescent !«, 

. 4 _ rnniunction with a specir__ 

ballast (Figure 3- ana 10) in conDunc.i 

ASIC 130 for providing all control signals. 

in Figure 14, the inversion of the bridge 
voltage at node 35 is sensed by an internal voltage 
comparator (within ASIC 130) at Pin CT and is used by 
internal logic to expand the dead time. 

Note that the voltage sensing method shown ir. 
Fig ure 14 overcomes delays caused by bus capacitance ir. 
the capacitive lead detection circuits. 

Figure 15 is a block diagram of the ASIC 130, 
which will later be more specifically described. Figure 
"shows the full control module, including the circuits 
of Figures 14 and 15. 

IV. The DC to AC Inverter Bridge for Non- 
Linear Loads. ■ 

The following describes a novel process for 
operating the DC to AC inverter bridge of Figure < which 
dri ves a non-linear, resonant, and time vary,* ,10**, -or 
exa=le, electronic ballasts for low-pressure and hxgh 
pressure lamps, resonant power supplies, laser power 
supplies, and the like. 

There are two common control methods in use; 
pulse width modulation (PHM) and fluency modulation <FM) 
control. Both methods provide only partial solutions _or 
the problem that those power supplies 
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present. The problem arises when the control circuit 
Lies to achieve a goal of la. light level (for example, 

., , _,,.~ K . e ,n- Trying to reach a 
very low dimming)- at a small curren. . i-y- a 

low current using a PWM circuit could drive the DC /AC 

* bridge into the capacitive area and can lead to the 

* destruction of the power switches Q : and C 2 . On the other 
hand trying to do so by varying the frequency usually 
leads to an irregular light output (rings or snakes xn 
fluorescent lamps) and instability. 

° Although not shown in Figure 16, the various 

m odules in ASIC 130 are interconnected -within the ASIC 
(see Figure 15) to a central logic supervisor. The 
central logic supervisor controls the overall operation of 

L5 ASIC 130 by facilitating communications and passing data 
between modules . 

According to the control method of the 
invention, both pulse width and frequency modulation are 

20 employed and are constantly varied in order to dim the 
lamp and/or to maintain a high quality control «x«. 
The goal is to work as close as possible to resonance but 
to be at the inductive behavior shown in Figure 7, under 
transients, lamp aging, malfunctions, use of a non- 

2C compatible lamps, etc. The novel method is combined with 
~ a center tap protection solution that prevents, "pulse by 
pulse", being accidentally reflected into the i-erter- 
bridge as the capacitive load, shown in Figures 12 and .3. 

30 The novel algorithm for controlling the bridge 

when used for dimmable electronic ballasts, 
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controls the preheat, ignition and dimming control 
functions. In a particular case, at high light levels a 
constant width pulse is used for the lower switch Q 2 of the 
bridge, and a pulse of variable width is used for the 
upner switch Q x . This control scheme is shown in Figure 17 
which shows light level as a function of pulse width Ton 
for the high side and low side switches C : and Q 2 in 
figures 6 and 14 to 16. At the present time, low side 
curve 141 is employed for constant pulse width, but any of 
the alternates curves 142 can be used. Figure 17a further 
explains the high side switch behavior- shown in Figure 17. 
Ir.' Figure 17a, the terms shown are defined as fellows: 
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T - Full period of the half bridge 

Tl - High side switch reverse current time 

T2 - High side switch "legal direction" 

conduction time 
T3 - Low side switch conduction time 

As explained above, the aim of the half-bridge 
drive algorithm is to keep the half-bridge load inductive 
buc close to resonance at all operation regimes . 

The novel method is to drive the switches under 
reverse parallel diode) conduction, when switch voltage 
is close to zero. For example, the high side drive rising 
edge mus. come during the Tl time frame. 

The algorithm must keep time Tl short in order 
to be close to resonance but never zero or 
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negative which is the expression of capacitive lead to the 
half bridge. 

Through all operation regimes, the algorithm 
provides high and low side drives that preserves a short 
fixed Tl. during steady state conditions. If however, 
during transients the Tl shortens and gets close to zero, 
then, the center tap mechanism will bring it back to a 
safe length or duration. 



10 



In addition, the dead time between upper and 
lower switch operation is controlled simultaneously. For 
low light levels, this method is too coarse and a method 
of variable width is simultaneously applied also to the 
15 lower switch Q 2 operation. 

As a general rule, the novel method allows 
independent control of each one of the bridge switches Q, 
and Q 2 (or pairs of switches in case of full bridge) in a 
20 zero voltage switching full protected mode. 

The stability of the control is achieved by 
changing the time constant of the DC/AC bridge control 
through the different operation regimens. A small time 
25 constant is used (fast control) when the light level is 
changed on request and a larger time constant (slow 
control) is used at steady state (fixed) light control. 
This method avoids overshoots or undershoots and light 
fluctuations respectively. 
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The ASIC 130 of Figures 14, 15 and 16 carries 
out the control scheme described above. A further block 
diagram of the silicon topology that 
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controls switches Q x and Q 2 of the bridge, including center 
tap protection is shown in Figure 18. Figure 19 shows the 
control pulses produced by the circuit of Figure 18 on a 
common time base. 

The following is a description of the operation 
of the block diagram of Figure 18 and the curves of Figure 
19. 
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1. A lamp current sample is provided to 
microprocessor 160 through A/D converter 1S1 (also 
included in ASIC 130) . 

2. Microprocessor 160 processes all 
information and provides one DATA BUS 162 that includes 
all processed information (PLC, PFC, DC/AC) . 

3. Selector 163 latches appropriate data into 
the appropriate LATCH 164 and 165. The rate of re- 
latching is a decision or default of the software. 

4. Counters "High Side PWM LOGIC" and "Low 
Side PWM LOGIC" together create the HIGH SIDE waveform 
(Figure 19) that can be described as a pulse train. The 
pulse width is determined by "HS DATA" and »LS DATA" which 
determine the time between pulses. 

5. The HS waveform is fed into AND1 gate 168. 
Fixed dead time and also variable dead time (determined by 
Che center tap input) is added to the waveform which then 
exits through the HSDV (High Side Driver) output 169. 
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6. The waveform is also inverted by* N0T3 gate 
170 and fed to AND2 gate 171. Frfed and variable dead 
time is added to *he waveform which then exits through tne 
LSD (Low Side driver) output. 

7. NOT1 and NOT2 gates 173 and 174 
resoectiveiv avoid the possibility of the 2 outputs HSD 
and LSD respectively being both "High" at the same time. 
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3. Description of center tap protection 

circuit : 



T-h- outputs of AND1 and AND2 16 5 and 171 
respectively, are monitored. If there is no overlapping 
with the original waveform (as getting out from HS PWM 
15 Logic) for 16 consecutive pulses, then the 16 tries 

^ i Pnablinq 4 consecutive cycles 
counter 176 increases by ±, enaDimg * 

with no interrupting. If the same phenomenon repeats ^ 
itself the 16 tries counter 176 continues to increase. I. 
the phenomenon disappears the 16 tries counter 176 is 
20 reset. 

if the 16 tries counter 176 reaches 16 it sends 
an "Abnormal message to the microprocessor 160 and enters 
an abnormal protection regime. 

25 :t should be noted that the above technique is 

applicable to a full-bridge as well as a half bridge. 

in order to achieve a smooth change of light 
30 output, a variable depth "dithering" technique is 
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applied in the variable width pulse mechanism through the 
entire lamp dimming work line. 

Thus, using a digital control for the upper or 
5 t v, e lower switch pulse width by a simple PWM procedure 

n„ht ro flicker. To smooth the steps or 
will cause the light to rlicKer. 

the light control, a dithering method can usee. Thus, 
a PWM of an average level which lies between PWM steps 
(defined by an integer number) is composed or a mixea 
sequence of pulses made from these two time steps. 

Precise light level control is achieved by 
measure the lamp current only. This method is 
implemented by matching the current versus light-level 
non-linear curve into linear segments. Each segment 
enables a ratio between percentage of. light-level and the 

amp current, allowing a very precise light level contro 
as Lwn in Figure 20. This technic ^^^^ 
. complex lamp power or current measurement algorithm for 
each tyoe of lamp to characterize the above non-linear 
Lhavifr. Light control accuracy can be further increased 
by addir.= additional linear segments to the matched 
current versus light-level non-linear curve. 

This method is implemented by using. a dedicated 
parameter table that can be set or defined by the user. 
£ above ratio is between the light level and the current 
at certain points (the extremes of each segment) . 
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It is instructive to now summarize the 
principles adopted in algorithms used in the control 
method of the DC/AC inverter bridge for extreme r.cn-lir.ear 
AC load. Consider an extreme non- linear load, 
particularly for a gas discharge lamp that behaves like a 
negative impedance throughout most of its dimming range. 
These lamps have a transfer function whose gain varies 
between wide limits and it is therefore difficult to . 
attain fast and smooth control. There are two common 
methods for controlling such a load through an AC bridge: 
pulse width modulation (PWM) and frequency (FM) . Both are 
effective only within some sub-range of the load being 
controlled. 

The control method described uses a PWM whose 
frequency and dead times are variable. It is applied in a 
half/full bridge topology: high side pulse width, low 
side pulse width with dead times between them are 
programmed and applied in a manner designed to achieve 
stable, smooth control loop throughout the whole range of 
no load to full load. 

The method used suggests working near resonance 
at all loads but always keeping the load just a little 
above resonance. This is done first by providing best 
open loop control behavior (minimum gain variation) at 
eve>-y point of the load regime. Pulse width and frequency 
are manipulated in a manner that achieves a constant open 
loop gain (sometimes the PWM is used to increase load 
cu-rent and the frequency used to decrease it and vice 
versa) . These manipulations are performed according tc 
the load V/I characteristics. 
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The following is an example of an embodiment in 
a ballast application. The control of dimmable discharge 
lamps over the full dimming range is based on a contrcl 
range that is divided into three portions by two breaking 
5 points: 

1 . PWM control is used from minimum load to 
the first breaking point: the high side pulse increases 
and the low side pulse decreases. The total periodic time 
is kept at a fixed number. 

, 0 2. Fix the low side and PWM the high side 

pulse from the first breaking point to, second breaking 
point. The duty cycle is increased and at the same time 
frequency is decreased. 

■3. Frequency control is used from the second 

15 breaking point to maximum load both high side and low side 

pulses increase. 

This method creates an open loop work-line with 
minimum gain variation and minimum predetermined dead time 
between pulses. This will best control a predictable load 

20 (e.g., a lamp with normal operating behavior) . In order 
to prevent failures caused by unpredictable behavior of 
the load, the center-tap voltage of the bridge is sampled 
to ensure that switching is at zero voltage. Pulses are 
dynamically changed to protect against destructive 

25 currents. Dead time is increased dynamically to the zero 
voltage point. This feature of the method enables working 
at high frequencies with very short predetermined dead 
time for a lamp with normal operating behavior. In 
addition, its permits increasing the dead time in the 

20 event of transients and changes in load behavior, for 
example, as the discharge lamps age. 
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v . A Digital implementation of a Power 
r ^t-vol Ci rcuity . 

, fl . rihPS various techniques 
The following describe* 

„ the novel digital approach to power 
employ *d in th ^ novel g ^ fcQ a dil _ b le 

ma nagement sVlOWS the power line 

•^™pjr^« — - na5t °\ ia r 

cairier ^r^/ ballast 
Bimi lar to that — * 1 h ^ Une bXock 

co „trol «IC =00 1. shown the 3o-d 

on PLC operation allows tne 

receive dim™ control int 

po „er line being used to power the ^""^ 

I. in turn » 22 Th e -11 

TscTP P-in assignments are snowii 

t nit % C U ) schematics are also shown in 
control unit (W.C.U.) 2 2i ^ 

Figure 23 . The technique used m Figu 

described as follows: 
22 are generally aescii. 

Feed Forward Dynamic Response 
' captation Based on Energy Consumption 
p-rorli etion_ - • ■ 

^„ c _ n f t he control loop is 
The dynamic response of tne 

• M n it will use a different "dumping factor 
-flexible". It wiJ- 1 - ^-i^d 
„™«e time for a number of pre-decided 

:^rrri,a m pie « .no.,— - 

i. applied in the case of the electrons ballast. 

I£ DC bus voltage is within the limits of 
vref+-l% then "no response" ; 
If DC bus is within the limits of + - 
3%>Vref>+-l% then "slow" response; 
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If DC bus is within the limits cf + -XP%>Vref > + - 
3% then "fast" response; 

If step light level + if under 90% of desired 
then fast response; 

If input voltage step changed more than + -2% 
then fast response, etc. 

If a large change of the light is desired, the 
desired light level is first given to the controller, as 
.or example, go.ng from full light to- light off (transit 
mo de) , then the PFC operation mode will be switched to 
fast response in order to avoid DC bus dips. At constant 
light (s'teady state) the PFC control switches to slow 
response mode preventing light f lickering/glin-paring. 

Limits, dumping factors and response times are 
parameters listed in predefined designer programmable 
tables . 

The control can be adjusted to handle all kinds 
of applications, including motor control, temperature 
control and many others. 

H. pr ^rarnmab i " Parameter Tables 

" Tables of parameters are programmed for all 

possible regimes of the needed application. For example, 
in the electronic ballast case there are about 12 
different regimes for the D.mmable Electronic Ballast, 

3 0 including: 

DC bus soft start; 



20 
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Auxiliary build up; 

Lamp preheat; 

Lamp ignition; 

Up going light level; 

Down going light level; 

Step up light level; 

Step down light level; 

Steady state "high" load; 

Steady state "low" load; 

Abnormals - output power shut-down; and 

input voltage switched off - or "black 



outs 



Every single regime has. its own specific 
parameters table that is chosen when entering -a new 

regime . 

Each parameter table contains all the special 
parameters for PFC control and DC /AC bridge control for 
each specific regime. The. designer can program these 
parameters. 

in order to maintain a stable DC bus and the 
bes * PFC at all regimes, a digital control using 
provable loo.-up tables gives the best "treatment" to 
each different regime (i.e. in the DC /AC bridge inverter 
control case the response time changes according to the 
lam? regimen operation) . 

With this approach, the more complicated the 
applicat.cn, the more efficient the digital solution. 
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111. ada ptive Tr"f Payamp!ters 

Static and dynamic loop response adapt 
themselves to the inputs by getting feedback information 
, r om a number of digital and/or analog inpucs chosen 
according to the right parameter tables, decision tables 
and addressed equations. 

IV Idle Periods Insertion to Change to 

Discontinuous Mode for Low Power Loads, 

Rs loads get smaller, frequency gets very high 
and Pulses have to be very short in orce r to preserve 

critical mode conduction. Under a certain load, criticai. 
mod e becomes impractical. At this point the ~«rol 
changes to .Discontinuous" -de and it stops 
the ! 0 N" time and begins controlling the "OFr- trme of the 
pulB e The "ON time- is fixed to a desired "minimum 
usable pulse" (programmable parameter, . -Off time" can 

..Discontinuous mode maximum dead 
change between none and "Disconcinuou 

time" (programmable parameter) . 

V A Method for Controlling the Converter at 

No Load Conditions by Means of Implementing 
a special "Stand By" PWM Regimen Mode Using 
Dedicated rr~ y»"™»"« Pir?Tr ^rs Table 

SpeciaTmodes of operation can be "tailored" by 
using digital programmed control. All parameters, 
including: "pulse width", time between pulses burst 
parameters and other parameters can be assigned for a 
specific task. 
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One example of this ability is the "stand by" 
mode which we use for the electronic ballast. 

This mode is operational any time the ballast 
output stage is inhibited and the PFC stage must carry on 
ics ooeration in standby mode. At this mode the PFC stage 
has two tasks: first - to provide the auxiliary voltages 
5V and 12V to the control and second - to keep the DC bus 
voltage within limits. 
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When the PFC stage has very small load, the DC 
bus capacitor will charge rapidly to a nominal limit and 
will inhibit PFC control pulses. Special parameters are 
used in order to allow the PFC stage to provide auxiliary 
voltages: minimum pulse width and fixed dead time between 
pulses. Another mode of operation is to change from 
controlling the DC bus (except for maximum) to controlling 
the auxiliary voltage to 12V. 

VI. Protection Method by Combining Multiple 

Parameter Levels Using Programmable Tables . . 



The parameter tables also contain some limits to 
provide part of the protections. For example: control 
pulses will be inhibited (pulse-by-pulse) in case of DC 
bus over-voltage (the pulses are inhibited if the DC bus 
is higher than 110%) . Also, if input voltage is above a 
certain predetermined limit, pulses will be inhibited, 
input under-voltage is also monitored; the PFC control 
will go to power 
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shutdown mode under a predetermined limit (over-voltage 
protection (OVP) in the present ASIC implementation) . 

The PFC theory and parameters, are described as 

5 follows: 

Mi nPFCParam 

Max. PFC Ton pulse for Max load at Min Input RMS voltage 
Ton= (255-n) /12MHz 

10 100 1.29E-05 Sec 

Ma-xPFCParam 
Minimum usable Pulse for PFC control 
125 '4.17E-07 Sec 

T.nwDelPrs 

15 Discontinuous mode Maximum Dead time. 
0 2.13E-05 Sec 

Hi ahDelPrs 
At Critical mode only. 

When getting ZC signal, waits 83 more nsec to activate PFC 

20 switch. 

254 8.33E-08 Sec 

ghnt-u-jghPelPrs 

Fixed Dead time in Shut Down mode. 

150 8.75E-06 Sec 
25 DamninqFactor 

1 / Control Speed, control step={ [ (Vref -VDC) /n] +1} *83nsec 

14 

MaxVDC 

Software ShutDown PFC Ton pulse will go off when VDC 
30 crosses this reference. 
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245 439.5 Volt 
VDCRef 

2.19 Volt (A/D leVel) This is the normal VDC reference. 
223 400 Volt 

VdcHvsl 

Range of steady state. At VDCRef + /-n PFC Ton pulse will 

not change . 

2 3.6 Volt 

VdcHvsl 

Demand for 'fast response, fast PWM at VDO-VdcHysl or 
higher. When error is between VdcHys and VdcHysl, there 
will be a slow response. PWM=Fast 
14 25.1 Volt 

Pf cPWMPrs 
Slow PWM response factor. 
20 

pfcPWMlPrs 

Fast PWM response factor (0 when no PWM) . 
0 

0 MinPFrstartUp 

Soft Start. Width of PFC Ton pulse when dc bus voltage 
climbs from zero to VDC. 
253 1.67E-07 Sec 

PFrTimerPRs 

5 -.slow" Loop response = lOOmSec. Every 10msec, counter 
increased by 1. 
10 

PFCLoopCmmterPRs 
.•Fast" Loop response = lmSec . Every 250usec, counter 
0 increased by 1. 
4 

c^nlinc rate of VDC 
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Fixed at SOOusec. 

Linkage between PFC and DC/AC: for step new 
light, PFC is : " FAST" up to 90%" of new light, and then ^ ^ 
becomes "SLOW " between 90% and 100% of new light. "90%" 

is not included as a parameter. 

. , ^ ^^rTV^^ hv "UP" or "DOWN" PFC 
When changing the light oy ur 

control is always "SLOW" . 

DrAn Para maters; 
************************* 

DcAcHvs 

Range for Fast/Slow response when Curr. Ref . is higher 
then 75. When Curr. Ref. is lower then 75, there is only 
slow response. Under 2 there is no change in Ton pulse. 
15 2 is not included as a parameter. 
5 1.96% 

glowDcAcPrs 

Slow response PWM of 20 possible combinations of last and 
next Ton (HSD) . Pulse may change every 250usec. 
20 20 

Fast response PWM of 5 combinations. Pulse may change 

every 250usec. 

5 

25 gi-art.DcAcPrs 

Response for DcAc Startup (PWM) climbing to start up light 

after ignition. 

15 
HSD 

30 Ton pulse changes always through all workline points. 
startTon 
HSD Ton Pulse for lamp ignition. 
175 6.67E-06 Sec 
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SfcartTonTime 
Duration of HSD Ton Pulses for lamp. 
ignition=2*250usec-500usec 
2 500 uSec 
5 Very fast Climbing to StartTon with NOPWM. 
abDelavPrs 
Wait after shut down Shut Down period. 
200 2 Sec 

shntTimerPra 
10 Wait after shut down Shut Down period. 
200 2 Sec 

PlPfnrrentRef 

Lower Current reference for lower power dissipation on 
shunt resistor (EB) . 

15 51 1 Volt 

T.i ghtLevel (6) 
Table for IR Light decoding =n/2 

"0,2,30,80,150,200" "0,1,15,40,75,100"% 

T.i qhtBasePrs (4) 

20 Fix points on lamp curve - 15,40,65,100% Lamp current must 
be provided for each percentage point . " 

"30,80,130,200" "15,40, 75, 100"% 

TurrentBase4 
Volt 100% Light REFERENCE for ALL LIGHT LEVELS 
25 227 2.23 

MaximumLiaht Level 
Ballast Factor. 
200 100 % 

Accessories Para meters : 
******************************** 

MaxLichtSensor 
If n=251 to 255 then occupancy switch closed. 
250 2.45 Volt 
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MinStartDC 

For DC control. If value is under 10(5%) then power 
shutdown 
10 5 % 

5 PLC Parameters : 

★ * * *★★★★★***★***-★*** 

NoiseHvsl 

Digital filter for PLC after summation stage. 
10 

10 GlobalZone 
0 

TrxFrea (4) 
PLC frequencies. F=3ee06/ (64-n) 
"33,34,35,36" "96.77,100,103.44, 107.13" kHz 
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The following is a lead assignment and function 
description for the ASICS of Figures 15 and 21 and the 
control module of Figure 16: 
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The following is a description of operating voltages and the like for the ASIC 200 and 



Control Module: 



MAXIMUM RATINGS 



Max 
5.5 



Min 



Parameter Definition 



Symbol 



Units 
V 



-0.5 



DC Supply Voltage (Referenced to 
GND) 



VCC 



50 

vCC+0.5 



DC Supply Current. VCC & GND pins 



ICC 



mAmp 
V 



-0.5 



Pick Inputs Voltage, Referenced to 
GND (RST, LINE, SD, PLC, ZC, CL, 
CREF, CNFG, ZONE, VDC ILAMP, 
CT, IR, S0,S1,S2, S3,STP,DLCTR, 
RCV.) 



Vout 



vcc+i 



-1 



Pick outputs Voltage Referenced to 
GND 

(PFCD, HSD, LSD, DCLK, PLCD, 
XMT.) 



Power Dissipation 



lout 




+ 150 
260 



-55 



Storage Temperature 



Tstg 



°C 

°C 



Lead Temperature 



TL 
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RECOMMENDED OPERATION CONDITIONS 



"Mm 



Max 



Unit 



Symbol 
VCC 



DC Supply Voltage 
(Referenced to GND), 



4.9 



5.1 



ICC 
Vin(A) 
Vin(D) 
Vout 



DC Supply current, VCC & GND 
tins 

Analog Inputs Voltage 
(CNFG. ZONE. VDC. VLAMP) 

Digital Inputs Voltage 
(All other inputs) 

Output Voltages 

(PFCD, HSD, LSD, DCLK, PLCD, 
XMT.) 



36 



44 

2.5 

VCC 

VCC 

70 



raAmp 

V 
V 
V 

°C 
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Adjusted by 
user 




open input 


set by voltage 
divider 








10pF load 


uSec 


uSec 


uSec 


> 


> 




> 


> 








> 


■vO' 








© 






fN 










cT 

CN 


0.42 


m 
























fN 

d 






O 






DC to AC Section 


vn 


Maximum applicable 
PFC Ton Pulse- Width 


Minimum applicable 
PFC Ton Pulse-Width 


Maximum applicable 
PCF Dead time 
(Discontinuous mode) 


Current Limit 
Comparator Internal 
Reference Voltage 


Voltage at comparator 
input (Fine Tuning of 
Minimum THD) 


Open Analog Input 
Voltage (Analog Input 
with Internal 100k Pull- 


Operation Analog Input 






High level value of 
HSD output 


TonMax 


TonMin 


ToffMax 


CLREF 


VCREF 


Vopen 


Voper 






VHSD 










00 






fN 








Digital Output HSD 15 








CL 


CREF 


.tion 


CNFG 


ZONE 


VDC 


ILAMP 










Comparator 
Input with 
lOOkPull-Un 


Comparator 
Input with 
100k Pull-Uo 


z 

3 

I 

& 

c 
c 


Analog Input 


Analog Input 


c 
c 

0 

c 
< 


! 

? J 

1 « 
: c 

: < 


. 

> 












- < 
C 

5 


i 
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The following is an operation description which 
describes control module 111 and ASIC 200 settings: 

pncmmpr electable Param gr.grs for D.E.B, Aoplicazions 

The customer can influence ballast: behavior by 
5 determining several ballast parameters. Software is used 
to determine the ballast parameters. The customer 
parameters below describe these parameters. 



Customer Parameters Table 



No. 


Parameter Name 


Parameter Description 


Possible 
Ran^e 


Rational 
Ranee 


Units 


Frequ 


encv Parameters . . , — 


1 


Low Switch Ton 


Required LSD Pulse 
Width 








2 


Minimum High 
Switch Ton 


Required Minimum 
HSD Pulse Width 








3 


Maximum High 
Switch Ton 


Required Maximum 
HSD Pulse Width 








Lamp 


Curve Parameters ■ 




4 


Minimum Light 


Expected Minimum 
Lamp Current Sense 
Voltage VILAMP(mim 








5 


15% Light 


Expected 15% Lamp 
Current Sense Voltage 
VILAMP(15%) 








6 


40% Light 


Expected 15% Lamp 
Current Sense Voltage 
VILAMP (40%) 








7 


65% Light 


Expected 15% Lamp 
Current Sense Voltage 
VILAMP (65%) 








Warm 


i-UD Parameters , 




8 


Warm-up High 
Switch Ton 


Required Warm-up 
HSD Pulse Width 
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9 


Time 


Required Warm-up 
Time 








Light Parameters 


10 


Minimum Light 


Required Minimum % 
Light Level 








11 


Start Up Light 


Re 








Ignition Parameters 


12 


Ignition High 
Switch Ton 


Required Ignition HSD 
Pulse Width 


0.37-20.37 


2-13 




13 


Ignition Time 


Required Ignition Time 


0-25 


0-25 


mSec 


14 


Post Ignition 
High Switch Ton 


Required Post Ignition 
HSD Pulse Width 


0.37-20.37 


1-13 
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Parameters Tables Select-inn 

The control module 111 contains 13 parameters 
tables in its PROM and one customer parameters table in 
its EEPROM . Only the manufacture can change the 
5 parameters of tables 0-12. The customer can program its 
own parameters in EEPROM Table 13 using a Parameter 
Development Kit (PDK) . 

Tables 0-3: Versions for two T8-32W (parallel 
configuration) lamps (120V line application) . Tables 4- 
10 12: Versions for two T8-36W (parallel -configuration) 
lamps (230V line application) . 

Of course, customization of internal parameter 
tables is possible. A desired parameter table is selected 
by combination of micro- jumpers S0 ; SI, S2, S3 (connected 
15 to S0-S3 pins) to create a hexadecimal number. Insert 

jumper for a logic "0" , and leave open for logic "1" . The 
Parameter Tables Selection Table below defines the 
selection of the desired parameters table. 
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Parameters Tables Selection Table 



I able 




SI 


S2 


S3 




u 


n 


o 


o 


o 


Select parameters from one of 13 Pre-Dcfined Tables in the 
PROM 


1 


1 


0 


0 


0 




2 


0 


1 


0 


0 




-i 


1 


i 


0 


0 




4 


0 


0 


I 


0 




5 


1 


0 


1 


0 




6 


0 


1 


1 


0 




7 


1 


1 


1 


0 




8 


0 


0 


0 






9 


1 


0 


0 






10 


0 


1 


0 






11 


1 


1 


0 






12 


0 


0 


1 






13 


I 


0 


1 




Select parameters from EEPROM Parameters Table 


14 


0 


1 


1 




Reserved for Internal Use 


15 


1 


1 


1 




PDK Programming mode. Disable Ballast Operation and 
enable EEPROM Parameters Table Protn-amiriins bv PDK. 
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Selected Ballast Configuration Options: Selected via A/D 
Input: CNFG 

Control .module 111 and ASIC 200 enable ballast 
operation in 5 different configurations as fellows: 



ic 



PLC D.E.B. Ballast is remote controlled from Wall 

Control Unit with Power Line Carrier (PLC! 
interface. In PLC configuration, the 
ballast can be designated as belonging to 
one of 7 different zones or as belonging :o 
all zones. Ballast zone designation is 
selected via A/D input ZONE. (See PLC 
D.E.B. Section below) . 



DC D.E.B, 



Ballast is controlled from DC Wall Control 
Unit via DC lines. (See LOCAL D.E.B. 
Section below) . 



LOCAL D.E.B. 



Ballast is controlled from local infrared 
IR light Sc occupancy sensors. (See LOCAL 
D.E.B. Section below) . 



Occupancy 
20 D.E.B. 



Ballast is controlled from local occupancy 
sensor. (See occupancy D.E.B. Section 
below) . 



E.3 . 



Non Dimmable Electronic Ballast, 
Section) . 



(See E.B. 
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The Ballast Configuration Table shows^ ballast 



:onf iguration se 



lection via the CNFG pin. To get the 



red configuration, connect a resistor between CNFG 



requi 
oin and GND 



Ballast Configuration Table 



Configuration 


PLC 


DC 


Occupancv 


Local 


E.B. 


CNFG Voltage 
Ranee 


0.73-1.22 


0-0.24 


0.25-0.73 


1.23-1.71 


1.71-2.5 


Convened Digital 
Value 


75-125 


0-25 


25-75 


125-175 


175-255 


Recommended 
Resistor ( 5%) 


30KQ 


0Q 


13KQ 


51KQ 


130KD 



1C 



PT.r p. E.B. 
Start up 



The ballast starts lamps at "last light level" 
(saved on the EE PROM) . The light level stays in Last 
Light Level until a dimming command is sent from the wall 
Control Unit via PLC communication. 



20 



25 



PLC Function 

The ballast receives a 17 -bit string from the 
Wall Control Unit (W.C.U.) via PLC Remote Controlled 
Communication. Bit allocation is as follows: 



1 bit 

2 bits 

3 bits 
6 bits 

4 bits 
1 bit 



Start 

Control operation modes 

7 Selected zones 

64 light level 

Check Sum 

Spare 
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The rate of communication is 1 bit per line cyole . 
communication is synchronized to the line phase. 



PLC 



Ballast Zone Identification 

Designation of the ballast zone identity (0-7) 
5 is implemented by providing a voltage in equal equidistant 
increments between 0 to 2,5V to the zcne pir.. The Zone 
Selection Table is shown below. 



Zone Selection Table 





Zone 


All Zone 








4 


<; 


6 




10 


Center 
Voltaee 


0.125 


0.375 


0.625 


0.875 


1.125 


1.375 


1.625 


1.875 




Voltage 
Ranee 


0-0.25 


0.25-0.5 


0.5-0.75 


0.75-1 


1-1.25 


1.25-1.5 


1.5-1.75 


1.75-2 . 



15 



20 



KB PROM Function 

When "Line Disappeared" is detected, (via the 
line pin) the present light is saved as "last light level- 
in the EEPROM. When the ballast is sxvitched on it will 
revert to this "last light level". When "Table 15" (SO, 
SI, S2, S3 = "1") is selected, the EEPROM can be 
programmed to a desired parameters table. When Table 13 
is selected, the parameters table is obtained from the 
EEPROM . 



25 



DC D.E.B. 
Start Up 

The ballast starts the lamps according to the 

last light level from the EEPROM parameters table and then 

increases or decreases to the DC controlled light level 

present in the ZONE pin. This DC level is applied from 

the DC ccntrcl unit. The light level is 



-68- 



SUBSTITUTE SHEET (RULE 26) 



WO 00/35252 



PCT/IB99/02087 



related tc ZONE pin voltage according to the fallowing 
formula: 

Light Level- (ZONE pin Voltage/2 . 23V) xMaximum Light Level 

The maximum light level is obtained when the 
5 ZONE pin Voltage is 2.23V (converted to 227) . 

The lamp light goes to 0 when the ZONE pin 
voltage drops under HOmV. The Ballast starts-up when 
ZONE pin voltage exceeds 14 0mV. 

10 T.OPATj D.E.3. 

Start Up 

The ballast will start the lamps according to 
the last light level saved in the EEPROM parameters table. 

Local IR Function 

15 T he IR receiver output signal is connected to 

the IR pin. 

The IR transmitter sends 8 codes: 5 Preset light 
levels, Up, Down and Off commands. 

Light Sensor Function 
20 The ballast light level is controlled by a light 

sensor connected via the ZONE pin. The ZONE pin is 
feedback input converted to a digital number and compared 
to the sensor reference value. 

The Sensor Reference value is set to the light 
25 sensor -;ZONE pin) value during reset 
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initialization. In the case of constant voltagt at the 
ZONE pin (open loop) , the light level stays at the last 
light" level (no error detected - Sensor Reference = ZONE 
pin voltage, and no dimming UP or DOWN command is 
generated) . 

The dimming command from the IR transmitter 
changes the sensor reference and changes the light level 
by a controlled close loop mechanism to get: 

Light Sensor = New Sensor Reference. 

Light Sensor voltage range is 0.2V to 2.45V. 

rwunancv Pnnrrion i *r T.ocal Configuration) 

Two inputs serve the occupancy function: 

The "Occupancy OFF" command uses the RCV pin. 
Logic "1" (open circuit) at the RCV pin detected as a "No 
Presence" and turns the ballast off. Logic "0" at the RCV 
pin is detected as "presence" and starts-up the ballast to 
last light value. 

The ZONE analog input pin is also used as a "No 
Presence Inhibit". If ZONE pin Voltage > 2.5V then "No 
Presence" disabled. The ballast dims the light to the 
minimum light level. 

After the occupancy sensor detects a presence in 
the room, the ballast returns to the last light level. 
There is no delay time between "No Presence" detection (by 
the control module) and the dimming operation. 
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Start up 

Ballast will start lamps according to last light 
level saved in the EE PROM parameters table. 

^p^psmfy Function 

The RCV pin serves as a "Presence Detection" 
input. When "No Presence" detected (logic »High"-open 
circuit) at the RCV pin, the ballast dims the light to the 
defined "Dim Light Level" on the ZONE pin. The dim light 
level is saved at the "No Presence Detected" moment 
according to following formula: 

Dim Light Level- [Maximum Light Level] x (ZONE Voltage at 
Initialization Time] 2.23V. 

The ballast returns to the maximum light level 
5 after occupancy sensor detects a presence in the room 
(logic "0" at ZONE pin) . 

Note: There is no delay time between "No Presence- 
detection (by Control Module) and the dimming operation. 

EB 

0 Start up 

Ballast will start lamps to "Maximum Light 

Level" . 

E.B. Function 

The ballast operates only at the maximum light 
5 level. Dimming is not possible. As in all other 
configurations, the lamp current is stabilized 
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by closed loop control via the I LAMP feedback^input pin. 
The I LAMP pin voltage is 0.5V at the maximum light level 
situation. 



5 



10 



Housekeeping /Protect i nn Circuits 

Four input pins of the control rr.odule 111 and 
ASIC 200 are used for the protection functions of the 
ballast . 

The CL input is used for current limit 
protection of PFC switch. The PFCD output pin (PFC Drive 
Pulse Signal) is pulse-by-pulse inhibited when the CL 
input exceeds 2.5V. 



The VDC A/D input pin is used for closing the DC 
bus (PFC Output) loop and also as a hardware over- voltage 

15 protection sense input. (Input to analog comparator). 

The PFCD output is pulse-by-pulse inhibited when the VDC 
pin voltage exceeds 2.5V. Also, the VDC input is used for 
software over-voltage protection. Alternatively, the PFCD 
output is pulse-by-pulse inhibited (by software) when the 

20 VDC pin voltage exceeds 2.4V. 

The CT input is used to keep the half bridge at 
a zero voltage switching (ZVS) operation. If the load 
becomes capacitive, the CT input will partially block the 
25 HSD or LSD outputs (increase dead times in order to keep 
ZVS operation) . If the limitation causes total 
disappearance of HSD pulses 16 times, then 4 cycles are 
enabled without interfering with the CT input. This total 
cycle of 20 (16+4) will repeat 
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itself 16 times and if the malfunction does no© disappear, 
it will activate the abnormal function. 

The SD input is used to sense catastrophic 
failures of the ballast, when the SD input exceeds the 
5 Schmidt Trigger positive going threshold (2.2V-3.5V) 

according to catastrophic ballast failure occurrence, then 
hardware immediately inhibits (shuts down) theHSD Sc LSD 
outputs and software activates the abnormal function. The 
controller will try to start-up the ballast again 2' 

10 seconds after shutdown. If no abnormal indication is 
detected 2 seconds after ignition of the lamps, the 
abnormal protection procedure automatically resets an 
internal failure counter. If the failure is still 
detected, the controller will try to start-up the ballast 

15 10 times with 3 second intervals between attempts. After 
10 tries, the HSD & LSD outputs will be permanently 
inhibited. CT protection is also monitored as a 
catastrophic failure. 

An abnormal condition of CT protection initiates 
2 0 the same abnormal protection procedure. 
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WHAT IS CLAIMED IS : 

1. An electronic ballast for a gas discharge 
lamp; said electronic ballast comprising an input a-c 
circuit; a common mode inductor for connecting said input 
a-c circuit to a bridge connected rectifier; an inverter 
5 circuit including a high side switch and a low side switch 
which is coupled to said bridge connected rectifier; and a 
resonant circuit coupling said inverter circuit cc and 
driving said gas discharge lamp; and a monitor circuit 
coupled to said common mode inductor for sensing a high 

10 frequency fault ground current, which has a frequency 

greater than the frequency of said input a-c circuit, to a 
ground connection; and a controller circuit coupled to 
said monitor circuit for turning off at least one of said 
inverter circuit and power to said inverter circuit when 

15 said high frequency ground current exceeds a given value. 

2 . The ballast of claim 1 which further 
includes a DC to DC PFC converter connected between said 
bridge connected rectifier and said inverter; said 
controller circuit having an output connected to said DC 

5 to DC PFC converter. 

3 . The ballast of claim 1 wherein said monitor 
circuit includes an auxiliary winding on said common mode 
inductor; and diode means connected between said auxiliary 
winding and said controller. 

4 . An electronic ballast for at least two 
parallel connected gas discharge lamps removably 
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mounted in a fixture, said ballast comprising an inverter 
circuit, a resonant coupling circuit and at least two gas 
discharge lamps; said gas discharge lamps having first and 
second filaments; said resonant coupling circuit including 
an inductor and a capacitor connected in series with said 
first and second filaments; first and second windings 
coupled to said inductor; first and second diodes 
connected in series with said first and second windings 
respectively and said first and second diodes 
respectively, whereby the disconnection of said lamps and 
said filaments from their fixtures opens the output 
circuit from said inverter circuit. 

5. The ballast of claim 4 wherein said 
resonant circuit further includes a second capacitor 
connected across said gas discharge lamp. 

6. The ballast of claim 4 wherein said 
inverter circuit includes a series connected high side 
MOSgated device and a low side MOSgated device; and a 
control circuit for alternately turning on and off said 
high side and low side MOSgated devices; said series 
connected capacitor and inductor, said first and second 
filaments, and said low side MOSgated device connected in 
a closed series circuit. 

7. The ballast of claim 6 wherein said 
resonant circuit further includes a second capacitor 
connected across said gas discharge lamp. 

8. The ballast of claim 1 wherein said gas 
discharge lamp has first and second filaments; said 
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resonant coupling circuit including an induccou and a 
capacitor connected in series with said first: and second 
5 filaments; firsthand second windings coupled to. said 

inductor; first and second diodes connected in series with 
said first and second windings respectively and said first 
and second diodes respectively, whereby the disconnection 
of said lamp and said filaments from its fixture opens the 
10 output circuit from said inverter circuit. 

9. The ballast of claim 8 wherein said 
resonant circuit further includes a second capacitor 
connected across said gas discharge lamp. 

10. The ballast of claim 9 wherein said 
inverter circuit includes a series connected high side 
MOSgated device and a low side MOSgated device; and a 
control circuit for alternately turning on and off said 

5 high side and low side MOSgated devices; said series 
connected capacitor and inductor, said first and second 
filaments, and said low side MOSgated device connected in 
a closed series circuit. 

11. An electronic ballast for a gas discharge 
lamp, said ballast comprising: an input a-c circuit; an 
a-c filter connected to said input a-c circuit; a 
rectifier bridge connected to said a-c circuit for 

5 producing an output d-c voltage from said a-c circuit, 
input; an inverter circuit including a high side switch 
and a low side switch connected in series at a node and 
connected across the output of said inverter circuit and a 
load circuit connected to said node and including said gas 
10 discharge lamp; said 
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high side and low side switches each having inpyt control 
terminals energizable to turn them on and cff and each 
having a parallels diode ; a master control circuit for 
applying suitably timed control signals for alternately 

5 turning said high side and low side switches on and off; 
and a dynamic dead time control circuit in said master 
control circuit for insuring only a short interval between 
the end of current conduction by either said high side and 
low side devices and the beginning of conduction by the 

0 other by the control of the application of controls 

signals to their control terminals; said dynamic dead time 
control circuit being coupled to and monitoring at least 
one of the current in said resonant load, the current in 
said first and second switches, the output voltage of said 

5 rectifier bridge or the rate of change dv/dt of said 

bridge voltages and adjusting the application of turn on 
signals to said high side and low side switches for both 
capacitive and inductive operations. 

12. The ballast of claim 11 which further 
includes a PFC stage coupled between said rectifier bridge 
and said inverter. 



13. The ballast of claim 11 wherein said gas 
discharge lamp has first and second filaments; said 
resonant coupling circuit including an inductor and a 
capacitor connected in series with said first and second 
5 filaments; first and second windings coupled to said 

inductor; first and second diodes connected in series with 
said first and second windings respectively and said first 
and seccnd diodes 
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respectively, whereby the disconnection of said-.lamp and 
10 said filaments from its fixture opens the output circuit 
from said . inverted circuit. 

14. The ballast of claim 11 wherein said a-c 
filter includes a common mode inductor. 

15. The ballast of claim 14, which further 
includes a monitor circuit coupled to said common mode 
inductor for sensing a high frequency. fault ground 
current, which has a frequency greater than the frequency 

5 of said input a-c circuit, to a ground connection; and a 

controller circuit coupled to said monitor circuit for 

turning. off the power to said inverter circuit when said-, 

high frequency ground current exceeds a given value. 

16. The ballast of claim 15 wherein said gas 
discharge lamp has first and second filaments; said 
resonant coupling circuit including an inductor and a 
capacitor connected in series with said first and second 
filaments; first and second windings coupled to said 
inductor; first and second diodes connected in series with 
said first and second windings respectively and said first 
and second diodes respectively, whereby the disconnection 
of said lamp and said filaments from its fixture opens the 
output circuit from said inverter circuit. 

17. The device of claim 11 wherein said dynamic 
dead time control circuit comprises a current transformer 
in series with said resonant load circuit to measure the 
current therethrough; and a comparator 
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5 circuit for comparing the output of said current 

transformer to a reference value to generate a dead time 
interval having a small value. 

18. The device of claim II wherein said dynamic 
dead time control circuit comprises a connection to said 
node for monitoring the voltage at said node and a 
comparator circuit for composing the output of said 

5 current transformer to a reference value to generate a 
dead time interval having a small value. 

19. The device of claim 11 wherein said dynamic 
dead time control circuit comprises a dv/dt circuit 
coupled to said node for monitoring the dv/dt at said node 
and a comparator circuit for comparing the output of said 
current transformer to a reference value to generate a 
dead time interval having a small value. 

20. The ballast of Claim 11, wherein said 
ballast operates at least two gas discharge lamps 
connected in parallel, said gas discharge lamps each 
having first and second filaments; said resonant coupling 

5 circuit including an inductor and a capacitor connected in 
series with said first and second filaments; first and 
second windings coupled to said inductor; first and second 
diodes connected in series with said first and second 
windings respectively and said first and second diodes 
10 respectively, whereby the disconnection of all of said 
lamps and said filaments from their fixtures opens the 
output circuit from said inverter circuit. 
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21. The ballast of Claim 15 , wherein said 
ballast operates at least two gas discharge lamps 
connected in parallel, said gas discharge lamps each 



having first and second filaments; said resonant coupling 
5 circuit including an inductor and a capacitor connected in 
series winh said first and second filaments; first and 
second windings coupled to said inductor; first and second 
diodes connected in series with said first and second 
windings respectively and said first and second diodes 
10 respectively, whereby the disconnection of ail of said 
lamps and said filaments from their fixtures opens the 
output circuit from said inverter circuit. 



controlling the operation of an electronic ballast for at 
least one lamp, said control module comprising: 

an integrated circuit, said integrated circuit 
5 operable in accordance with control information to drive a 
first switch and a second switch to power said at least 
one lamp using a combination of pulse width modulation and 
frequency modulation; and 

a first memory coupled to said integrated 
10 circuit, said first memory storing a plurality of 

parameters tables, each parameters table having said 
control information for said integrated circuit. 

23. The electronic control module of claim 22, 
wherein at least one of said plurality of parameters 
tables is user programmable. 



22. 



An electronic control module for 
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24. The electronic control module of claim 22, 
wherein said electronic ballast is dimmable, said 
integrated circuit controls said dimming operation by 
varying the combination of pulse width modulation and 

5 frequency modulation applied to said first and second 
switches . 

25. The electronic control module of claim 24, 
wherein said integrated circuit independently controls 
said first switch and said second switch to achieve zero 
voltage switching, fully-protected operation. 

26. The electronic control module of claim 25, 
wherein said first switch and said second- switch are 
arranged in a half -bridge configuration, said integrated 
circuit controlling the operation of said first and second 

5 switches to maintain an inductive half-bridge load which 
operates approximately at resonance by driving a 
respective one of said first and second switches under 
reverse conduction when a voltage across said 
corresponding switch is approximately zero. 

27. The electronic control module of claim 24, 
wherein current through said at least one lamp is 
monitored by said integrated circuit, said integrated 
circuit controlling said current to maintain a dimming 

5 level of said at least one lamp. 

28. The electronic control module of claim 27, 
wherein at least one parameter in each of said at least 
one parameters tables is a linear representation 
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of : a segment of a non- linear portion of a light* level to 
5 lamp current curve. 

29. The electronic control module of claim 22, 
wherein said control module further comprises a power line 
carrier interface and a direct current control, said 
control module being operable in at least one of the 

5 following modes: 

a dimmable electronic ballast controlled from a 
wall control unit via said power line carrier interface; 

a dimmable electronic ballast^ controlled from a 
wall control unit via said direct current control 
10 interface ; 

a dimmable electronic ballast controlled at 
least one infrared light and occupancy sensor; 

a dimmable electronic ballast controlled at 
least one occupancy sensor; 
15 a non- dimmable electronic ballast. 

30. The electronic control module of claim 22, 
further comprising at least one protection circuit. 

31. The electronic control module of claim 30, 
wherein said protection circuit comprises at least one of: 

a current limiting protection circuit, said 
current limiting protection circuit causing an inhibition 
5 of drive signals to said first and second switches when a 
predetermined amount of current is being drawn by said 
first and second switches; 
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an abnormal shut down protection circuit, said 
abnormal shut down protection circuit shutting down drive 
signals to said first and second switches when a 
catastrophic failure of said ballast control module is 
detected; 

an over-voltage protection sense circuit, said 
over-voltage protection circuit causing an inhibition of 
drive signals to said first and second switches when a 
predetermined voltage drop is detected across said first 
and second switches; and 

a capacitive operation protection circuit, said 
capacitive operation protection circuit increasing a dead 
time interval in operating said first and second switches 
when a load on said electronic ballast becomes capacitive". 

32. The electronic control module of claim 22, 
wherein said first memory is located within a same 
application specific integrated circuit as said integrated 
circuit . 

33 . An integrated circuit for controlling the 
operation of an electronic lamp ballast, said integrated 
circuit comprising : 

a central logic supervisor controlling the 
5 overall operation of said electronic lamp ballast; 

a dc/ac generator module, said dc/ac generator 
module being coupled to said central logic supervisor and 
providing drive signals for an inverter circuit, said 
inverter circuit having a first switch and a second 
10 switch; 

a power line controller module, said power line 
controller module being coupled to said central 
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logic supervisor and receiving dimming control data across 
a power line; and 
15 a power factor correction module, said power 

factor correction module being coupled to said central 
logic supervisor and controlling power factor detection 
and correction for said electronic lamp ballast. 

34. The integrated circuit of claim 33, wherein 
said integrated circuit operates in accordance with 
control information arranged in as a plurality of 
parameters tables . 

35. The integrated circuit of claim 33, wherein 
said dc/ac generator module is comprised of: 

a first pulse width modulator logic circuit; 
a second pulse width modulator logic circuit; 
5 a first latch coupled to said first pulse width 

modulator logic circuit and providing first pulse data to 
said first pulse width modulator logic , 

a second latch coupled to said second pulse 
width modulator logic circuit and providing second pulse 
10 data to said second pulse width modulator logic- 
said first pulse width modulator circuit and 
second pulse width modulator logic circuit being coupled 
together to generate a pulse train having a pulse width 
determined in accordance with said first pulse data and 
15 said second pulse data; 

a dead time controller coupled to said first 
pulse width modulator circuit and second pulse width 
modulator logic circuit for adjusting said pulse train to 
dynamically vary a dead time interval to ensure 
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2 0 only a short interval between the end of current 

conduction by either of said first switch or said second 
switch and the beginning of conduction for the other of 
said first switch or said second switch; and 

an abnormal logic circuit, said abnormal logic 

2 5 circuit monitoring said pulse train to detect a presence 
or absence of a condition in which said pulse train 
overlaps with an output of said first pulse width 
modulator circuit . 



36. The integrated circuit of claim 35, wherein 
said abnormal logic circuit comprises a first counter and 
a monitoring module, said first counter being incremented 
when said monitoring module detects that said pulse train 
5 does not overlap with said output of said first pulse 

width modulator circuit, said first counter generating an 
abnormal condition message upon reaching a first 
predetermined quantity. 



37. The integrated circuit of claim 36, 
wherein said abnormal logic circuit further comprises a 
second counter, said second counter allowing said da/ac 
module to perform a predetermined quantity of pulse train 
5 cycles when: 

said monitoring module detects that said pulse 
train does not overlap with said output of said first 
pulse width modulator circuit; and 

said first predetermined quantity has not been 

10 reached. 



38. The integrated circuit of claim 33, wherein 
said dc/ac module controls a dimming operation of at least 
one lamp coupled to said electronic lamp 

-85- 



SUBSTITUTE SHEET (RULE 26) 



WO 00/35252 



• 



PCT/IB99/02087 



ballast by varying a combination of pulse width modulation 
5 and frequency modulation applied to said first and second 
switches ♦ 

39. The integrated circuit of claim 33, wherein 
said integrated circuit independently controls said first 
switch and said second switch to achieve zero voltage 
switching, fully-protected operation. 

40. The integrated circuit of claim 39, wherein 
said first switch and said second switch are arranged in a 
half-bridge configuration, said integrated circuit 
controlling the operation of said first and second 

5 switches to maintain an inductive half-bridge load which 
operates approximately at resonance by driving a 
respective one of said first and second switches under 
reverse conduction when a voltage across said 
corresponding switch is approximately zero. 

41. The integrated circuit of claim 38, wherein 
current through said at least one lamp is monitored by 
said dc/ac module, said dc/ac module controlling said 
current to maintain a dimming level of said at least one 

5 lamp . 

42. The integrated circuit of claim 41, wherein 
said integrated circuit operates in accordance with 
parameters retrieved from a parameters table. 

43. The integrated circuit of claim 42, wherein 
at least one parameter in said parameters table is a 
linear representation of a segment of a 
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non-linear portion of a light level to lamp current curve. 

44. Thfe integrated circuit of claim 33, wherein 
said power line control module further comprises a power 
line carrier interface and said central logic supervisor 
comprises a direct current control, said integrated 

5 circuit being operable in at least one of the following 
modes : 

a dimmable electronic ballast controlled from a 
wall control unit via said power line carrier interface; 

a dimmable electronic ballast, controlled from a 
10 wall control unit via said direct current control 
interface; 

a dimmable electronic ballast controlled at 
least one infrared light and occupancy sensor; 

a dimmable electronic ballast controlled at 
15 least one occupancy sensor; 

a non-dimmable electronic ballast. 

45. The integrated circuit of claim 33, further 
comprising at least one protection circuit. 

46. The integrated circuit of claim 45, wherein 
said protection circuit comprises at least one of: 

a current limiting protection circuit, said 
current limiting protection circuit causing an inhibition 
5 of drive signals to said first and second switches when a 
predetermined amount of current is being drawn by said 
first and second switches; 
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an abnormal shut down protection circuit, said 
abnormal shut down protection circuit shutting down drive 
10 signals to said flirst and second switches when a 

catastrophic failure of said ballast control module is 
detected; 

an over-voltage protection sense circuit, said 
over-voltage protection circuit causing an inhibition of 
15 drive signals to said first and second switches when. a 
predetermined voltage drop is detected across said first 
and second switches; and 

a capacitive operation protection circuit, said 
capacitive operation protection circuit increasing a dead 
2 0 • time interval in operating said first and second switches 
when a load on said electronic ballast becomes capacitive. 

47. A method for controlling the dimming 
operation of an electronic ballast, comprising the steps 
of: 

monitoring a current through a load coupled to 
5 said electronic ballast; and 

controlling said current to maintain a dimming 

level . 

48. The method of claim 47, wherein said 
current is controlled by controlling the operation of a 
first switch and a second switch to maintain an inductive 
half-bridge load which operates approximately at resonance 

5 by driving a respective first one of said first and second 
switches under reverse conduction when a voltage across 
said corresponding switch is approximately zero. 
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